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Materials and methods
Synthesis
2-Phenylaziridine (1a)
[1]
2-Amino-2-phenylethanol (9.60 g, 70 mmol) was dissolved in Et 2 O with gentle warming and the resulting solution treated with gaseous HCl until pH 1 was reached. After stirring for 5 min, the white precipitate was collected by filtration and washed with Et 2 O (3 x 50 mL). The solid was suspended in CHCl 3 (150 mL) before addition of POCl 3 (22.9 g, 150 mmol) and the reaction mixture then heated to reflux for 18 h; during this time the white suspension turned into a yellow solution. C NMR data as lit. [2] 15 N-2-Phenylaziridine [3] (2-Bromo-1-phenylethyl)dimethylsulfonium bromide [3] 
2-(4-Chlorophenyl)aziridine (1b)
H 2 O (15 mL) and KOH (0.28 g, 25 mmol) were added to a solution of 2-(4-chlorophenyl)-2-chloroethylamine hydrochloride [4] (1.13 g, 5 mmol) in THF (15 mL) and the reaction mixture then heated to 50 o C for 6 h. After cooling to room temperature, addition of Et 2 O (15 mL) and partitioning, the aqueous layer was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with H 2 O (20 mL) and brine (20 mL), dried C NMR data as lit. [6] 2-Methylaziridine (1c)
2-Methylaziridine (1c) was obtained commercially (Aldrich) and distilled from KOH [7] prior to NMR analysis.
2,2-Dimethylaziridine (1d)
2,2-Dimethylaziridine [8] (1d) was distilled, saturated with KOH and decanted prior to NMR analysis.
NMR Spectroscopy
NMR data were collected on Bruker AVANCE AVII500 or DRX500 spectrometers with sample temperatures over the range 193-298 K as stated. Samples were dissolved in dry C 6 D 6 , CD 2 Cl 2 , DMSO-d 6 H spectra were seen indicating sample aggregation was not present, and the SRFK peaks were observed at all concentrations studied.
Spin dynamics simulations
For the numerical simulation of cross-relaxation processes, all parameters required were either known or could be estimated with sufficient accuracy from electronic structure theory calculations. Inter-proton distances were between 2.3 and 2.9 Å (from DFT M06/cc-pVTZ geometry optimization), rotational correlation time was estimated to be 15 ps (from PCM DFT M06/cc-pVTZ solvent-excluded volume of 108 Å 3 and StokesEinstein equation with  = 6.04·10 -4 Pa·s at T = 298 K), the nitrogen center inversion correlation time was between 10 -3 and 10 -1 s (from experimental exchange rate measurements [9] ), and the J-coupling modulation depth was estimated to be 15 Hz ( Figure 2 of the main text).
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The calculation of NOESY spectra was performed using Spinach [10] library version 1.5 using IK-1(5,3) basis set and Redfield relaxation theory with correlation time parameters as given in the main text. 2D spectra were produced using explicit time-domain simulation in Liouville space. [10] [11] Inter-nuclear dipolar couplings were extracted from the atomic coordinates at the DFT energy minimum geometry obtained as described in the main text.
14 N quadrupolar couplings were obtained from the electric field gradients computed at the energy minimum geometry using DFT M06/cc-pVTZ method. [12] Chemical shift tensors were obtained using GIAO DFT M06/cc-pVTZ method and their isotropic parts were replaced with the experimentally measured chemical shifts. The complete simulation code, along with the Spinach environment necessary to run it, is included into the example set of Spinach version 1.5 and later (250+ MB, hence not included here).
Summary of unsuccessful relaxation theory attempts
The various relaxation pathways considered in the course of our investigation that potentially could have been responsible for the anomalous cross-peaks observed in the NOESY spectra are described here. Given that the effect was associated with the NH resonance, quadrupolar effects involving 14 N were initially considered. However, a brute-force Spinach [10] calculation of NOESY spectra with the quadrupolar relaxation superoperator (including all cross-correlations) added to the Liouvillian alongside the dipolar (DD) and chemical shift anisotropy (CSA) relaxation contributions did not produce the experimentally observed crosspeak pattern. This also applied to indirect quadrupolar effects, such as scalar relaxation of the second kind (SRSK) arising from 1 H-14 N spin coupling, [13] which are accounted for by the Spinach relaxation theory module.
In those calculations SRSK was found to be responsible, as it usually is, [13] only for the broadening of the NH proton resonance. Furthermore, experimentally, the 
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In another attempt at explaining the NOESY cross-peak anomalies, all types of rotational cross-correlation [14] between DD, CSA and NQI interaction tensors were considered. They are fully accounted for by the relaxation theory module of Spinach.
[15] Nevertheless, for reasonable values of anisotropies and orientations of the interaction tensors (estimated using DFT calculations as described in Materials and methods above), as well as for the expected range of rotational correlation times, no selective cross-peak inversion of the kind shown in Figure 1a of the main text was observed in the simulated spectra. The usual global inversion of the NOE [16] with increasing rotational correlation time was observed, but for all cross-peaks at once and only with the rotational correlation time two orders of magnitude greater (nanoseconds) than that expected for standard organic solvent solutions of methyl-and phenylaziridine (below 100 picoseconds).
Translational contributions to dipolar cross-relaxation processes presented another possible mechanism.
Nitrogen center inversion in aziridines is accompanied by significant changes in distances between protons and the resulting exchange modulation of the scalar multiplier in front of the dipolar interaction tensor could in principle play a role in the cross-relaxation behavior. The relaxation effects of the translational modulation of dipolar interaction are well researched, [17] but the analytical expressions resulting from the treatment of simultaneous translational and rotational modulations [18] are cumbersome and restrictive in their assumptions. Sufficient computing power being available, we proceeded to treat the problem in a purely numerical brute-force way -a random walk within a spherical layer was generated with user-specified distance ranges, rotational and translational diffusion coefficients and the Bloch-Redfield-Wangsness theory integral [11b, 19] for a two-spin system was then taken numerically: R may be found in a recent paper by Kuprov et al. [15a] An examination of the resulting relaxation superoperator for a realistic ranges of hydrodynamic radii and solvent viscosities did not reveal any anomalous behavior of the kind seen in Figure   1a -the sign of all inter-proton NOE effects did change when the rotational correlation time crossed the usual 0.5 ns threshold (this is when the "classical" NOE changes sign), but not for the picosecond-range rotational correlation times expected for standard organic solvent solutions of methyl-and phenylaziridine. Because the inter-nuclear dipolar interaction is traceless, slowing down the internal motion does not help -the overall correlation function under the integral in Equation (1) is still damped at the picosecond-scale rotational rates and the longitudinal cross-relaxation rates remains negative. Therefore, the inter-proton distance modulation of dipolar effects is not responsible for the observed NOESY cross-peak anomalies.
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Having ruled out the above effects, we proceeded to consider scalar relaxation of the first kind, which yielded the successful description presented in the main text that fully accounts for all observed phenomena. (1a) at 298 K and 193 K (CD 2 Cl 2 , 500 MHz). At low temperature two conformational species can be observed (invertomers) in a ~ 5:1 ratio due to the slow inversion of the nitrogen center. Only at the higher temperature do scalar relaxation cross peaks appear in the NOESY spectrum. The cis-trans stereochemistry of the two invertomers and the definition of H3 and H3' were established from NOE studies at low temperature. The substantially broader H3 resonance at 298 K occurs because the two protons of the invertomers are only just beyond their coalescence point at this temperature, while H2 and H3' display fast exchange behavior due to smaller shift differences between the two invertomers.
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Figure S2: NOESY Spectrum of 2-phenylaziridine (1a) in CD 2 Cl 2 at 298 K (500 MHz). The anomalous cross-peaks showing the same sign as the diagonal reference peaks are clearly seen (red), whilst conventional dipolar NOEs are observed to have opposite sign to the diagonal-peaks (blue). The weak positive cross-peak between H2 and H3 also has its origins in scalar relaxation of the first kind since the H2-H3 scalar coupling is modulated by the nitrogen inversion (see Fig. S7 ). The weak (dispersive) anti-phase peaks between H2 and H3' arise from zero-quantum coherences that were not suppressed in the NOESY sequences employed. (2) and pyrrolidine (3) in CDCl 3 at 298 K (500 MHz). In both cases positive scalar cross-relaxation NOESY cross-peaks are not apparent and the NH resonances remain sharp (scalar coupling interferences are apparent in the NOE cross-peaks between CH protons; these NOEs would be expected to be weak in these very small molecules).
